This study of populations of Cypripedium calceolus L., Cypripedium macranthon Sw. and their hybrid Cypripedium ventricosum Sw. in several regions of Siberia was carried out in 2009-2014. Isolated and mixed populations of the two species and their hybrid were surveyed. In sympatric populations, C. macranthon is most common in the central part and those of C. calceolus prevail in the western part of the range. Mature vegetative and/or reproductive shoots were present but vegetative reproduction was clearly most important in most of the populations investigated. Five colour variations were recorded for C. ventricosum. All species benefit from the increase in the intensity of light reaching ground level in forests after ground fires in spring destroy young trees and undergrowth. Vegetative reproduction and the size of the plants increases in burnt areas. Important factors determining the size and the ontogenetic structure of Cypripedium populations are: the duration of the growing season, the ecological conditions, the activities of pollinators and the relationships among the three species in sympatric populations.
Introduction
The life history of rare species of plants in plant communities must be studied in detail in order to understand how their populations are regulated. Cypripedium calceolus L., Cypripedium macranthon Sw. and their interspecific hybrid Cypripedium ventricosum Sw. are included in the Red Data Book of the Russian Federation (2008) and in many regional Red Data books. These species are listed in Appendix II of CITES. C. calceolus is also listed in various international conventions and directives (Terschuren 1999) . Isolated and mixed populations of the two species and the hybrid occur in the east of the European part, in the Middle of the Urals, in the south of Siberia and the Far East of Russia.
In Russia, C. calceolus occurs in the forest zone in the European part of the country, in southern Siberia and the Far East. С. macranthon occurs in the southwest of Central Russia, in the Volga-Kama region, the Ural region, the south of Siberia and in the Far East. The hybrid C. ventricosum occurs in the territory between the Urals and Vladivostok where the ranges of the two species overlap (Averyanov 1999 , Fig. 1 ). The sizes of populations of these three rare species vary from solitary plants to thousands of individuals in different parts of their ranges. The most abundant populations occur on calcareous soils, in spring fens and on limestone slopes (Vakhrameeva et al. 2008) . C. calceolus does not thrive if subject to competition from other herbaceous plants and low levels of illumination (Zaugolnova et al. 1992) . Adult vegetative and/ or generative plants are dominant in most of the populations studied in coniferous, coniferous-broad-leaved, broad-leaved, small-leaved, coniferous-small-leaved forests and on transitional bogs (Varlygina and Matsenko 1987; Tatarenko 1996; Ishmuratova et al. 2003) . The age the abundance of each species (Braun-Blanquet 1964) was compiled for each site. The classification of plant communities was based on the dominant species.
2. Above-ground shoot was the accounting unit for the rhizomatous species C. calceolus, C. macranthon and C. ventricosum (Zaugolnova et al. 1988 ). The ontogenetic stage was identified for each shoot based on the "concept of discrete ontogeny" (Gatzuk et al. 1980 ) developed in Russia. According to this concept, ontogeny of an individual plant is divided into 4 periods and 9 stages: I. Latent period (seed); II. Pre-reproductive period (seedling, juvenile (j), immature (im), mature vegetative (v)); III. Reproductive period (young, mature and old reproductive (g)); IV. Post-reproductive period (senescent (s)) (Rabotnov 1950; Uranov 1975; Zaugolnova et al. 1988 ). The post-reproductive period is rarely observed in orchids (Vakhrameeva and Tatarenko 1998) .
3. For each species, 3-30 flowering shoots were measured in each population. Twenty traits were recorded: 1) number of leaves, 2) shoot height, 3 and 4) the length and width of the second leaf, 5) the number of ribs on the second leaf, 6 and 7) the length and width of the dorsal outer petal (sepal), 8 and 9) the length and width of the lateral petal (sepal), 10 and 11) the length and width of the inner petal, 12 and 13) the length and width of the labellum, 14) the depth of labellum, 15) the length of the hole in the labellum from the staminodium to forefront, 16) the width of the wrapped inside edge of the hole in the middle of the labellum, 17) the number of half-turns in the spiral inner petal, 18 and 19) the length and width of the bracts and 20) the length of the free parts of the lateral petal.
For statistical analyses, Excel 2003 and Statistica-6 were used.
Results and Discussion
The regions studied differed in their climates, in particular, the duration of the growing season and amount of annual precipitation. In the south of the Krasnoyarsk region and the Altai Nature Reserve, the growing season is the longest: 140-150 days. On the northeastern coast of Lake Baikal (Barguzinsky Nature Reserve) it is the shortest, 90 days. The highest rainfall was recorded in the mountains on the northeastern and southern coasts of Lake Baikal (about 1000 mm per year). The lowest annual rainfall was recorded in the south of the Krasnoyarsk Territory (about 300 mm per year).
Sympatric populations of Сypripedium grow in forests of pine, birch, larch or poplar, in both wet (margins of marshes) and dry habitats (limestone slopes). However, in all these habitats the canopy cover of the trees was between 0.3-0.5, that of the undergrowth between 0.5-0.7 or absent and that of grass between 5-60%. Periodic surface fires regularly occur in Siberia in spring and destroy young trees and undergrowth, which increases the level of illumination in these forests. This promotes active veg-etative reproduction and growth of Cypripedium, as described for similar conditions in other regions (Smirnov 1969; Dementieva 1985) . The largest population of Cypripedium (about 5,000 shoots), occupying an area of about 56,620 m², was recorded in the Minusinsk Basin (Fig. 2 ). There are populations consisting of a few plants in the western foothills of the Baikal Ridge scattered over a 530 m length along the right bank of the Lena River. The average density was 0.04-6.00 shoots/m².
C. macranthon plants prevailed in all sympatric populations of Cypripedium, except those on the KhamarDaban Ridge (Fig. 2) . This is typical of populations in the central part of the range, but not the more westerly habitats, where C. calceolus was more abundant (Mamaev et al. 2004 ). The sympatric populations of Cypripedium on the Khamar-Daban Ridge are under significant anthropogenic pressure. The C. macranthon population has suffered the most serious damage. It is possible that the prevalence of C. calceolus is due to removal of C. macranthon from natural populations. C. macranthon outnumbered C. calceolus by more than seven times, however, hybrid plants occur in sympatric populations of Cypripedium in the Shushensky Pine Forest National Park and the Baikal-Lena Reserve. The sizes of the populations of C. calceolus and C. ventricosum recorded there were similar. However, the number of flowering shoots of Cypripedium can vary significantly from year to year: e.g. in 2014, the number of flowering shoots of C. macranthon was only half of that recorded in 2013, while for C. calceolus and C. ventricosum it was the same.
Only one individual of C. ventricosum was found in a sympatric population C. calceolus and C. macranthon in the Usinsk Basin. This could be due to the smaller overlap in the flowering periods of C. calceolus and C. macranthon there than that recorded in the Minusinsk Basin and the area surrounding Lake Teletskoye. A similar situation was recorded in sympatric populations of 
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C. calceolus and C. macranthon growing on the shores of Lake Baikal in the southern Baikal area in 2014. Sympatric populations of C. macranthon and C. ventricosum in which there are no C. calceolus and isolated populations of C. ventricosum were recorded in the Altai Nature Reserve. Hybrid plants could have been a result of pollinators ' transferring C. calceolus pollen over a long distance.
The non-flowering stages of these three species of Cypripedium are indistinguishable from one another. The non-flowering shoots of Cypripedium were mainly mature in all the populations studied and illustrated in Fig. 3 for the Altai Nature Reserve. Success of reproduction by seed in Cypripedium populations was estimated based on the number of juvenile plants. The percentage abundance of juvenile plants in the populations studied was 1.1-8.0%.
Isolated populations of Cypripedium calceolus occurred in pine, larch, spruce and birch forests in the south of the Krasnoyarsk region (Usinsk Basin) and on the northeastern coast of Lake Baikal (Barguzinsky Nature Reserve). C. calceolus was most abundant in a birch forest in the Usinsk Basin (246 shoots), where the average number of shoots was 0.001-13.0 m − ².
Isolated populations of Cypripedium macranthon occurred in both pine and pine with birch and aspen forests. C. macranthon was most abundant in the mixed pine with birch forest in the Barguzinsky Nature Reserve (527 shoots), where the average number of shoots was 0.1-5.6 m − ². Maximum sizes of isolated populations of C. calceolus and C. macranthon were significantly smaller than those of sympatric Cypripedium populations in the Minusinsk Basin.
In most isolated populations, mature vegetative and reproductive plants clearly dominated, which corresponds to the basic spectrum for this species, which indicates that vegetative reproduction is most successful (Tatarenko 1996) . Juvenile plants made up 44.7% of one of the С. macranthon populations in the Barguzinsky Nature Reserve (Fig. 4) . This was probably a result of favourable weather combined with optimal illumination and the fact that plants were growing on limestone outcrops. Juvenile plants were not recorded in small populations of C. calceolus in the Usinsk Basin and Barguzinsky Nature Reserve.
Factor analysis (principal components) revealed which parameters are significant for the differences between populations and species (Table 1) .
One-way ANOVA revealed significant differences for most of parameters studied, except the number of leaves, number of ribs, the length of the hole in the labellum measured from the staminode to the forefront, the width of the wrapped inside edge of the hole in the labellum measured in the middle and the length of the free parts of the lateral petal ( Table 2 ). The parameters of the C. ventricosum flowers are intermediate between its parental species, C. calceolus and C. macranthon. Similar peculiarities of these three species have been recorded in the Urals (Knyazev et al. 2000) . C. macranthon, C. calceolus and C. ventricosum plants were bigger in populations in wet forests in the warmer western regions: the Altai Nature Reserve (AR) and the southern part of the Krasnoyarsk Territory (Shushensky Pine Forest National Park (Shb)). The plants growing on dry limestone slopes in the Baikal-Lensky Nature Reserve were smaller (Table 2) . Two habitat-dependent forms of C. calceolus were also recorded growing in the Komi Republic: plants growing in wet forests and swamps were taller than those growing on dry limestone slopes (Martynenko et al. 2003) .
Five colour variations of C. ventricosum were recorded. Hybrid plants with typically coloured perianth (dark pink with white) dominate in C. ventricosum populations; hybrid plants with pink petals and a white labellum or with dark red petals and a yellow labellum with red or orange veins were rare.
Typical colour of the perianth was recorded more frequently than the atypical colour, which was rare. In the Shushensky Pine Forest National Park in 2011 the colour of the perianth of between 21.4 and 34.9% of the C. ventricosum plants was atypical (Fig. 5) . Such plants (mainly with dark red petals and yellow labellum with with red or orange veins) were likely to be the result of backcrossing of C. ventricosum with C. calceolus. Similar coloured flowers were recorded in the Altai Nature Reserve and on the Khamar-Daban Ridge. Plants with a white labellum were extremely rare.
The percentage of plants fruiting in sympatric populations of Cypripedium was measured in the Shushensky Pine Forest National Park in 2011. The highest percentage was recorded for C. macranthon and the lowest for C. ventricosum (Fig. 6) . Pollen of C. ventricosum can be fully or partially sterile (Andronova 2011) . The induction of fruit in C. ventricosum is most often a consequence backcrossing with one of the parental forms. In the habitats surveyed in the current study and in the Urals ( Knyazev et al. 2000) , the low percentage fruiting plants of C. calceolus was possibly due to competition with C. macranthon for pollinators, the latter has larger and brighter flowers. 
